Introduction
The modal response of wing structures is very important for assessing their dynamic response including dynamic aeroelastic instabilities.
Moreover, in a recent study _ an efficient structural optimization approach was developed using structural modes to represent the static aeroelastic wing response (both displacement and stress). 
where s is the length of semi-span, a and b are the chord-length at wing tip and root respectively, as shown in Fig. 1 .
The sensitivities for the design parameters at a baseline design point indicate trends of variation of the design near the baseline point if the parameters are perturbed. Usually, only the first order derivatives are used. For more accurate results, second order derivatives can used: The finite difference approaches can be constructed on the basis of the following formulas:
_x 2 where 6x = e. x (5) in which e is the relative step size, and hereafter it is simply called the step size. (4) can be used for the finite difference approach.
Examples and Discussion
Particulars of the baseline wing structure are as follows: the sweep angle A = 30°, the aspect ratio a = 3.5, the taper ratio z = 0.5, the plan area A = 5832in 2 . There are 4 spars and 10 ribs distributed uniformly under the skins. Details of wing sections, particulars of the skin thickness and dimensions of the spars and ribs can be found in Ref. 9 . The wing is clamped at the root.
The effect of step size on the finite difference approach for sensitivities was investigated for all the four shape variables. The case with the taper ratio is shown in Fig. 2 . From all the cases, it is found that for the best results for both the 1 st and 2 "d order sensitivities, the step size £ defined in Eq. (5) For the original baseline wing, since the derivation of the analytical derivatives for atcl/_'ao is formidable, only the comparison of the 1st order sensitivities using the finite difference and the semi-analytical approach was made. It is found in this case the sensitivities to the four shape variables using both the approaches are quite close, the average differences for the first 10 modes being in the range of 0.5-1.4%. As an example, the 2"d natural frequency w.r.t. A is shown in Fig. 3(a) , where it can be seen that the I st order sensitivities using the finite difference and the semi-analytical approaches almost coincide with each other. On the other hand, sensitivities to the sweep angle A using the two approaches have had large relative differences especially for modes whose sensitivity to A is small. One such example, the sensitivity of the 3 rd natural frequencyw.r.t. A, is shownin Fig. 3(b) . Hereattentionshouldbepaid to thescalefor the vertical coordinateto seehowsmallthe sensitivityto A is.
It is observedin Fig. 3(b) Log lo (step size) 
